Calcium ions play an important role in several cell functions, from fertilization to cell death. from 1.2 to 2 mM, which also increased the Ca 2+ content in the sarcoplasmic reticulum (SR), and changed the pattern of competition between the main transporters that remove Ca 2+ from the cytosol (SR Ca 2+ -ATPase and Na + /Ca 2+ exchanger). These observations stress the importance of using physiological [Ca 2+ ] o values for reliability of results. It is expected that the present calcemia data, reported for the first time in immature rats, may contribute to the refinement of in vitro experiments with neonatal rat preparations.
Introduction
Calcium ions are cytotoxic when present at a high concentration in the intracellular medium. it is believed that early in evolution, cells have developed mechanisms to maintain the intracellular free Ca 2+ concentration ([Ca 2+ ] i ) at very low levels (100-200 nM), which are approximately 4 orders of magnitude lower than the extracellular concentration ([Ca 2+ ] o ) in vertebrates [11] .
Consequently, a high transmembrane electrochemical gradient is established, which favors Ca 2+ influx through Ca 2+ channels and transporters. From fertilization to apoptosis, Ca 2+ plays a key role in the signaling of several processes: an increase in [Ca 2+ ] i due to transmembrane influx and/or release from intracellular stores is involved in regulation of cell proliferation, secretion, transcription, energetic metabolism, electrical activity, and contraction development [9] .
Transmembrane Ca 2+ fluxes are highly dependent on the electrochemical gradient of the ion across the membrane and consequently on [Ca 2+ ] o . on the other hand, the Ca 2+ content of intracellular compartments is expected to be affected by the availability of the ion, which depends on the balance of transmembrane inward and outward fluxes. Thus, to better reproduce the in vivo conditions, the [Ca 2+ ] o used in in vitro studies should be close to that of the extracellular compartment.
Comparison of the blood/serum [Ca 2+ ] in immature and adult mammalians has shown variable results, i.e., greater, lower and similar values to those in adults have been observed in neonates, depending on the species [8, 17, 18, 21, 30] . nevertheless, information on the values of blood/serum ionized [Ca 2+ ] in immature rats is not currently available in the literature, although preparations from neonatal rodents, especially cardiomyocytes, are widely used for several kinds of studies (e.g., biochemistry, biophysics, genetics, physiology, pharmacology, bioengineering). As a result, variable [Ca 2+ ] o values have been used in vitro, which, if unrealistic, may lead to functional alterations and compromise the reliability of the results and conclusions.
The aims of the present study were: a) to determine the ionized [Ca 2+ ] in the blood of neonatal rats; and b) to analyze the impact of exposing immature cardiomyocytes to a supraphysiological [Ca 2+ ] o value, often used in experiments with this preparation, on electricallyevoked Ca 2+ transients and on the sarcoplasmic reticulum (sR) Ca 2+ content.
Materials and Methods

Determination of the blood concentration of ionized Ca 2+
specific pathogen-free Wistar Hannover rats (UnibHan:Wistar strain; colony originally established at CEMIB/UNICAMP with rats acquired from the Zentralinstitut für versuchstierzucht, Hannover, Germany, in 1987) bred under protection barrier system conditions at CEMIB/UNICAMP (an ICLAS monitoring/reference center) were used; these included adult males (3-4 months old, n=5) not submitted to previous fasting, and neonates of both sexes (2-5 days old, n=11) from different litters. The latter remained with the dams until the experiment to minimize fast-induced changes in blood pH and other parameters. Adult animals were maintained at 22 ± 2°C, under a 12:12 h dark-light cycle (lights on at 7 AM), with free access to water and pelleted chow (nuvilab CR-1, nuvital, Brazil).
All blood samples were collected at 2-4 PM to minimize interference of diurnal variations [20] . Adult rats were anesthetized with ketamine plus xylazine (50 and 10 mg/kg, respectively, i.p.), whereas the anesthesia procedure chosen for neonates was halothane inhalation, as injectable anesthetics have been shown to cause greater mortality and to be less effective for short-term surgical anesthesia in neonatal rodents than inhalant anesthesia [12] . Blood was collected by cardiac puncture into dry, lithium heparin-containing syringes (PICO50, Radiometer, Copenhagen, Denmark), mixed gently, and briefly stored at 4°C. In most cases, blood samples from 2 neonates were pooled. After collection, animals were sacrificed by carbon dioxide inhalation. Ionized [Ca 2+ ] in the whole blood was measured with a Radiometer ABl800 Flex analyzer within less than 1 h after collection. The protocol for care and use of the animals was approved by the institutional Committee of Ethics in Animal Research (CEUA/IB/UNICAMP, protocol number 2228-1).
Experiments with ventricular myocytes isolated from immature rats
ventricular myocytes were isolated from 5-day-old Wistar rats (n=4) by coronary perfusion with collagenase 1 (0.5 mg/ml, Worthington Biochem, Lakewood, NJ, UsA), according to Bassani and Bassani [4] . Cells were used within 6 h after isolation.
For [Ca 2+ ] i measurement, myocytes were incubated with indo-1 AM (5 µM; Molecular Probes, Eugene, OR, UsA) for 10 min, and then perfused for 30 min for deesterification of the dye. Cells were electrically stimulated at 1 Hz under perfusion with modified Tyrode's solution (Ts; composition in mM: 140 naCl, 6 KCl, MgCl 2 1, HEPES 5, glucose 11, pH 7.4) containing 1.2 mM CaCl 2 . Two types of caffeine-evoked Ca 2+ transients were obtained in the absence of electrical stimulation [2, 5] : a) the first type was evoked by switching perfusion to Ts containing 10 mM caffeine (Caf-Ts) after a 5 s rest; and b) in the second type, cells were perfused with na + -, Ca 2+ -free Ts solution (equimolar replacement of naCl and CaCl 2 with liCl and EGTA, respectively) for 20 s, followed by switching to the same solution containing 10 mM caffeine (Caf-00). Cells were electrically stimulated for 2 min prior to caffeine application. Afterward, the same protocol was repeated during perfusion with Ts containing 2 mM CaCl 2 . The caffeine solution used to evoke Caf-Ts also contained 2 mM CaCl 2 .
Indo-1 was excited at 360 nm. After fluorescence background subtraction, the ratio of emission at 410 and 485 nm was converted to [Ca 2+ ] i according to Bassani and Bassani [4] .
The rate of [Ca 2+ ] i decline (k) during electrically evoked twitches, Caf-Ts and Caf-00 was determined by exponential fitting of the decaying phase of the Ca 2+ transient. The sR Ca 2+ content was estimated as the difference in total [Ca 2+ ] ([Ca 2+ ] T ), i.e., the sum of free and bound [Ca 2+ ]) at the peak and immediately before the Caf-00 transient [10] , and expressed as µmol Ca 2+ per liter of non-mitochondrial cell water. For [Ca 2+ ] T estimation, Ca 2+ binding to both indo-1 and endogenous passive Ca 2+ buffers was taken into account, assuming [indo-1] as 20 µM, and considering the endogenous Ca 2+ buffering parameters determined in the myocardium of neonatal rats [7] .
From 
Results
As shown in Fig. 1 
Discussion
To our knowledge, this is the first report of blood ionized [Ca 2+ ] values in rats under 1 week of age. The neonatal values determined in this study were comparable to those measured not only in adult rats from different strains (1.2-1.4 mmol/l [16, 26, 28] ; present results), but also in healthy, full-term human newborns and in adult humans (reference interval: 1.1-1.4 mmol/l [1, 18, 21] ).
Specifically regarding the immature myocardium, important developmental differences have been described in the contribution of Ca 2+ fluxes across the sarcolemma and the sR membrane. Whereas in the adult rat ventricle it is estimated that approximately 90% of the Ca 2+ cycling takes place between the sR and the cytosol, in neonates, sR Ca 2+ release contributes less Ca 2+ to contraction, which relies more on the transsarcolemmal Ca 2+ flux than in adults [4, 13, 32] . In experiments with myocardial preparations from developing rats (as well as humans), it is common to use [Ca 2+ ] o values higher (1.8-2.0 mmol/l) than the blood ionized [Ca 2+ ] reported here. High [Ca 2+ ] o is expected to favor systolic Ca 2+ influx, while lessening Ca 2+ efflux, by increasing the driving force for Ca 2+ flux through channels, decreasing the driving force for Ca 2+ efflux via the NCX, and enhancing the energy barrier imposed on the sarcolemmal Ca 2+ ATPase. These changes would result in a greater cell Ca 2+ load, which might modify the contribution of the intracellular and extracellular Ca 2+ sources for contraction activation.
The present results of [Ca 2+ ] i measurement in neonatal myocytes confirm such predictions. In the mammalian myocardium, Ca 2+ release from the sR, triggered by Ca 2+ influx during the action potential, is considered the most important mechanism of excitation-contraction coupling. in the immature heart, however, the colocalization of sarcolemmal and sR Ca 2+ channels (which allows efficient coupling of Ca 2+ influx to release) is less prominent, and the sR Ca 2+ release mechanism itself is less The increase in the sR Ca 2+ content, as well as the expected greater Ca 2+ influx via voltage-dependent Ca 2+ channels during excitation (due to the greater transmembrane Ca 2+ electrochemical gradient), are probably responsible for the large increase of the twitch Ca 2+ transient amplitude at 2 mM [Ca 2+ ] o , as both factors were shown to enhance the contribution of sR Ca 2+ release to excitation-contraction coupling [3] . it should be stressed that due to the paucity of passive Ca 2+ binding sites in immature rat myocardium [7] , even relatively small changes in Ca 2+ fluxes have a large impact on [Ca 2+ ] i and thus on the several cellular processes affected by it.
Two main factors should contribute to increase the sR Ca 2+ content at 2 mM [Ca 2+ ] o . one of them would be the greater availability of cytosolic Ca 2+ to be taken up by sERCA not only because of the greater Ca 2+ influx but also due to less Ca 2+ extrusion by the nCX, the main sarcolemmal transporter that removes Ca 2+ from the cytosol. This may be particularly important in the neonatal myocardium, where nCX expression is higher and the exchanger plays a greater role in cytosolic Ca 2+ clearance than in the adult [4, 27, 29] . We estimate that increasing [Ca 2+ ] o to 2 mM would cause a 10 mv negative shift of the nCX reversal potential, which should decrease diastolic Ca 2+ efflux and possibly favor transport in the Ca 2+ influx mode during sarcolemmal depolarization. Accordingly, our present results show that [Ca 2+ ] i decline during Caf-TS was significantly slower after [Ca 2+ ] o was raised. During this type of transient, cytosolic Ca 2+ clearance relies mainly on the nCX and, to a lesser extent, on slow transporters [2, 5] . However, [Ca 2+ ] i decay due to the slow transporters alone (Caf-00, during which the nCX is thermodynamically inhibited) was not significantly changed. Thus, one may conclude that the slower [Ca 2+ ] i decline at Cf-Ts is attributable mostly to a decrease in the rate of Ca 2+ efflux mediated by the nCX. Accordingly, the empirical V max value of the slow transporters was not affected by augmenting [Ca 2+ ] o to 2 mM, whereas that of the NCX was significantly decreased, which confirms the inhibition of cytosolic Ca 2+ removal by the latter, but not by the slow systems. it is interesting to observe that shifting the nCX reversal potential in the negative direction by either decreasing [na + ] o [15] or increasing [Ca 2+ ] o (present study) markedly enhances the sR Ca 2+ load in the neonatal ventricle, but not in adult myocardium [15] .
The other mechanism that is likely to contribute to greater sR Ca 2+ A possible mechanism underlying sERCA stimulation is enhanced phosphorylation of phospholamban, a negative regulator of sERCA, by the Ca 2+ /calmodulin-dependent kinase ii (CaMKii) [19] . As the temporal average of [Ca 2+ ] i should be increased at 2 mM [Ca 2+ ] o , greater activity of this enzyme in the autonomous state would be expected [19] . CaMKii was shown to play an important role in the sERCA-dependent [Ca 2+ ] i decline in adult rat cardiomyocytes paced at 1 Hz and to affect the empirical sERCA v max [6, 23] . on the other hand, evidence is available that CaMKii is active and able to phosphorylate phospholamban and other proteins associated with the sR in the mammalian myocardium even before birth [31] .
in general, the changes in myocardial 
